of management (health foundation, public company, and singular agreements with population responsibility), which coexist with traditionally managed hospitals.
The PFI management modality is a form of public-private collaboration in the health field based on a long-term public works concession contract, which contains a private funding initiative for the construction of the hospital, with outsourced management of all non-health care services by the private partner. 20 Public-private partnership management can be defined as a contractual partnership between a public and a private party for the development and management of an infrastructure and a public service, with a fundamental feature being the transfer of business risks to the concessionaire. Among this modality's series of characteristics, the concessionaire assuming the demand risk stands out, since when the concession is based on a capitation payment, if the health demand fluctuates, the administration's annual payments will also vary substantially. 20 A fundamental characteristic of both forms of management applied in the SERMAS is the contractual delimitation of the maximum annual amount to be paid by the administration, and its division into a fixed amount (no more than 40% of the maximum annual amount) and a variable amount (no less than 60% of the maximum annual amount), which is subject to deductions for breaches of the basic standards of service and quality. 20 Both forms of management find their basic normative support in Law 15/1997, 21 which enables new forms of management of the National Health System. In addition, the Public Sector Contracts Law 22 establishes the legal distinction between them, applying the legal formula of the public works concession contract to the PFI, and the legal formula of the public service concession contract to the PPP, since this service concession includes the provision of the sanitary service. Both contractual formulas are regulated in the regulatory structure of the public law contained in the Public Sector Contracts Law. 22 The other forms of management analyzed in this work are the entities of public law or public companies, the health foundations, and the singular agreements with population responsibility. Despite having entered the SERMAS framework prior to the PFI and PPP, they have had a lower utilization.
A public company consists of an entity with its own legal personality and management according to the private legal system, with implications in personnel management under private labour law, and financial management and material resources are based on a contract programme that defines the criteria to be followed by the hospital. 23 Health foundations have their own legal personality without profit motive, are constituted with a majority contribution of funds coming from the public sector, and are governed by private law. The human resources regime used is private labour, and financial management and material resources are governed by civil law, having non-profit purposes. 23 Singular agreements are an instrument widely used in the Spanish health system to provide health coverage to certain population areas that cannot be served by the available public infrastructure. The singular agreements analyzed in this work are those signed with the Jiménez Díaz Foundation, for the health coverage of an area of more than 400 000 inhabitants of the city of Madrid (with a term of 30 years), and with the Central Hospital of Defense, for the health coverage of approximately 100 000 inhabitants of the city of Madrid. Table 1 contains the main characteristics of all the hospital management methods analyzed.
It is important to note that in 2002 the transfer of health management in Spain to the Autonomous Communities was completed, with the Community of Madrid being one of the most active in health reform and introducing forms of hospital management based on public-private collaboration. It is also one of the most complex health care systems in Spain due to the large number of publicly owned hospitals, their volume of beds, their complexity, and the introduction of distinctive features, such as the configuration of a single area of free health choice for all citizens of the Community of Madrid. This freedom of choice implies the introduction of competition between different hospitals to attract a greater number of patients. An additional advantage of studying a hospital population governed by common guidelines is that there is a homogeneous management environment in which management decisions do not have an asymmetric effect on the technical efficiency performance of hospitals, thus facilitating the extrapolation of the results to other environments.
Previous studies on hospital efficiency, both international [24] [25] [26] and national, 1, [7] [8] [9] 27, 28 have been reviewed, using the data envelopment analysis (DEA) as an analysis technique for almost all of them, since it easily and simultaneously relates all the dimensions of the sanitary output. 1 The results of the studies comparing different forms of management present similar results to the present study. 9 However, the characterization of hospital efficiency differences according to their management form within the same geographic and management area has not been sufficiently studied, despite it being a topic of broad socio-political interest. 29, 30 Most of the literature reviewed uses a single model of efficiency analysis, based on a multiplicity of inputs and outputs for a sample of hospitals at the national 1 or regional 8 level, but without discriminating between different forms of hospital management.
Only one study has been found that includes, in a regional setting, two different forms of hospital management. 9 The objective of this work is to obtain empirical evidence about the technical efficiency of hospitals governed by PFI, PPP, and other forms of mixed management, as compared with public hospitals under traditional management.
This involved DEA, sensitivity analysis of the results using bootstrapping of 2000 replications, and measurement of the efficiency evolution in the three forms of management through the Malmquist Index (MI). 31 We tried to draw conclusions about the influence of the management form on hospital performance in terms of technical efficiency.
| MATERIAL AND METHODS
The DEA was used, since it is a technique for measuring the efficiency used in multiple sectors, including health, and there is ample literature that supports its use. 1, 3, [7] [8] [9] [24] [25] [26] 28, 32, 33 Among the reasons for using it is that the procedure easily and simultaneously relates all the dimensions of the health output, regarding both quantity and quality.
1 The DEA can be defined as a non-parametric frontier technique, based on linear programming, which allows the evaluation of the relative efficiency of a set of institutions with identical objectives, taking into account all the inputs and outputs that are part of the productive process and comparing each hospital centre with similar ones. 1 This is a very useful method, "because it allows measuring the productivity and relative efficiency of organizational units such as hospitals that use multiple resources to produce multiple products". 34 This analysis technique allows us to not fix a functional form of production boundary by default, since it is constructed by the set of inputs and outputs used in the analysis of the hospitals analyzed, and with a measure of efficiency between 0 and 1 (in that the value 1 indicates that a hospital is efficient and the rest of values lower than 1 indicate a non-efficient hospital, with inefficiency being the difference between the efficiency value achieved by the hospital and the unit). The efficiency of a hospital is assessed relative to other hospitals in the sample analyzed, and a hospital is considered efficient if there is no other hospital or linear combination of hospitals that can improve some of its inputs without worsening other inputs. The technique is considered ideal for measuring the efficiency of units that perform homogeneous activities. 35 We used the model proposed by Charles, Cooper, and Rhodes orientated to inputs, since, in this case, when considering constant returns to scale, the result is identical regardless of the orientation (input or output). 5, 36 This model is widely used when there are multiple inputs and outputs. The use of constant returns to scale, instead of variable yields, was based on the fact that it is the methodology most commonly used in hospital DEAs and because, although this type of yield supposes a restriction, it allows the possibility of comparing large-scale units with small-scale units, which is necessary in order to analyze the entire population of a given area of management, as in this case. 4 To avoid the possibility of biases in the estimations due to the omission of important variables in the models, or due to measurement errors in the data used, a sensitivity analysis was performed by bootstrapping with 2000
replications, which provides the corrected efficiency indices of the analyzed models. 5, [36] [37] [38] The significance of the results was contrasted by the Kruskal-Wallis test. 39 Likewise, in order to verify the sensitivity of technical efficiency to changes in the composition of the model, three additional models were developed, in which the composition of inputs and outputs was varied (see composition of each model in Table 2 ), and the analysis was also performed with variable returns of scale, all with the aim of reinforcing the robustness of the results given the small size of the population analyzed.
An analysis of the evolution of efficiency was proposed using the MI in order to measure whether hospitals improved their productivity or not in the period analyzed, as well as whether hospitals moved away or approached their limits of efficiency. Another advantage of this index is that it is suitable for measuring small samples. 40, 41 The use of MI can identify the two main causes that explain a change in the levels of productivity of each hospital: the change in technical efficiency (known as the "catching-up effect"), which indicates whether the analyzed hospitals evaluated are close to or move away from their corresponding efficiency frontiers between the periods evaluated, Spending on purchases and services: real expenditure on the purchase of goods and services.
Outputs 1,2,3,4 N°discharges: Total number of patients admitted weighted by the average complexity of patients on the basis of the diagnosis-related groups. 1,2,3
N°outpatient consultations: total number of consultations of specialists to outpatients. 1, 4 N°outpatient emergencies: total number of consultations in the emergency services of the hospitals that do not result in a hospital admission. 1,2,3,4
N°major outpatient surgeries: number of surgeries performed with local, regional or general anaesthesia, which do not require admission to the hospital.
Source: own elaboration.
and technological change, which approximates the extent to which the hospitals that form the efficiency frontier have improved or worsened their productivity between the periods studied. Values above 1 indicate an increase in productivity, while values below 1 imply a decrease in productivity in the period studied.
The population under study was all public hospitals within the Community The input orientation was used with constant returns to scale because a large part of the literature suggests that in the case of public sector analysis, the output orientation is more questioned than the input 34 orientation since the number of hospitals analyzed was limited by the need for them to belong to a homogeneous management scope, so the use of variable returns of scale would cause the loss of discriminatory power. 6, 9, 44 When the number of hospitals to be compared is small, it is not appropriate to use variable returns to scale, since it causes the loss of discriminatory power. However, and in order to observe the differences in the performance of technical efficiency, the analysis initially performed with constant returns to scale has been replicated, using variable returns to scale.
In the definition of the models to be analyzed, the number of hospitals under analysis was taken into consideration. It is recommended that it be greater than or equal to three times the sum of inputs and outputs in order to prevent the use of a large number of variables to increase the number of efficient hospitals, so up to seven variables could be used. 45 For the selection of inputs and outputs, a base model (model 1) was defined that incorporates the basic production function, being the most used in the literature. 1, 4, 5, [7] [8] [9] Subsequently, three sub-models were incorporated into the analysis in which inputs and outputs were varied in order to reinforce the results obtained in the base model.
The sub-models are model 2, eliminating the output of outpatient emergencies, and model 3, eliminating the input of spending on purchases and services. In the case of model 4, the output of outpatient consultations has been eliminated. The inputs and outputs chosen are defined in Table 2 .
3 | RESULTS Table 3 shows the descriptive statistics corresponding to all the inputs and outputs used and for all the years analyzed. Both the mean and the standard deviation of the totality of inputs and outputs increase each year with respect to the previous one. The consolidation of the new hospitals in the period analyzed explains the increase in the average of these resources.
Regarding efficiency, the results obtained show that hospitals governed by forms of management based on public-private collaboration achieve a technical efficiency superior to that achieved by traditionally managed hospitals. Table 4 shows the results of average technical efficiency per year of the different forms of management, as well as the average technical efficiency corrected (by bootstrapping).
The average efficiency of traditionally managed hospitals was lower than that of other hospitals (PFI, PPP, and other forms of management) in the four models and in the entire period analyzed. Once the bootstrapping has been carried out, the results reinforce the results of the initial analysis and confirm a higher technical efficiency in the hospitals It is noteworthy that the results obtained, both in the initial samples and in the bootstrapping, were statistically significant with a confidence level of 95%, and across the entire period analyzed. Table 5 shows the results of technical efficiency by years, of the different forms of management, obtained by applying variable returns to scale in the performance of the DEA. The results suppose efficiency indices superior to those obtained by applying constant returns to scale in the four models of analysis and in all forms of hospital management. This increase in efficiency confirms that the use of variable returns to scale, when the number of hospitals to be analyzed is limited and there are important differences in scale between them, causes a loss of discriminatory power when overestimating the efficiency indices obtained. Therefore, it is confirmed that the initial choice to use constant returns to scale is the most appropriate to avoid biases in the results due to the characteristics of the hospitals analyzed. Table 6 shows the results obtained when analyzing the change in productivity levels using the MI with constant returns to scale. The results show a slight decrease in productivity in models 1, 2, 3, and 4 (0.70%, 0.43%, 0.08% and 0.61%, respectively). PPP hospitals are the only ones that increase their productivity in all analysis models, although in a very slight way. The decreases in productivity are also slight in all cases.
If we analyze the breakdown of productivity variation between the change in technical efficiency ("catching-up" effect) and technological change, we observe that the second is superior to the first in all the analysis models. This indicates that changes in hospital productivity in the period analyzed are mainly the result of technological innovation. It is noteworthy that in the case of the catching-up effect, there is a decrease in productivity in all analysis models excepting model 3, although slight. Therefore, it can be confirmed that the weight of the catching-up effect is higher than that of technological change when the MI registers productivity decreases.
| DISCUSSION
The forms of hospital management based on public-private collaboration implemented in the Madrid Health Service present higher technical efficiency results than those obtained by traditionally managed hospitals throughout the period analyzed. In the case of bootstrapping, the results have confirmed the superior technical efficiency of the forms of management based on public-private collaboration as compared with traditionally managed hospitals. In all cases, the results are statistically significant and, comparing them with other previous national studies that include two forms of hospital management, it can be concluded that the new hospital management formulas achieve superior efficiency results to those of traditionally managed hospitals. 1, [7] [8] [9] 27 However, there are other studies that obtain different results in their analysis of the same geographical area. 46 to relate the age of the hospital to the dispersion in technical efficiency, since there are newly created hospitals with values of technical efficiency superior to hospitals with decades of operation.
Among the reasons for the greater efficiency shown by public-private collaboration hospitals is their improved organizational flexibility, fundamentally with regard to the labour framework and the availability of their own treasuries, allowing more autonomous financial and budgetary management than in traditionally managed hospitals. 25, 26, 47 The public health manager, when deciding upon the introduction of mixed public-private management in hospital care, has decided, within the territorial scope of the study, to incorporate it at all levels of hospital complexity defined in the National Health System (high, medium and low complexity). This means that mixed management hospitals offer a catalogue of benefits identical to traditional management hospitals at their corresponding level of complexity. Previous studies carried out in other geographical areas that only compare traditional management with other forms of management, mainly through a public company, obtain results similar to those of this study. 7, 9 Although the aforementioned studies do not provide information disaggregated by hospitals (unlike the present study), they do not reveal the existence of dispersions among hospitals in each of the management forms analyzed. Having individualized results per hospital allows us to identify those that have better results and that should be considered as references to be imitated by the rest of the hospitals in order to improve their technical efficiency.
The hospitals under traditional management are the ones with the greatest dispersion of results, with some of them having efficiency values higher than those achieved by hospitals under the other management forms.
Although the DEA does not allow the establishment of causal relationships, the wide differences in technical efficiency within a group of traditionally managed hospitals suggest that the decisions taken by hospital management have more relevance than the management method itself. These differences in the management form of traditionally managed hospitals demonstrate the lack of uniformity and the need to identify those with better performance in order to be able to protocolize their management practices and transpose them to the other hospitals, regardless of the form of management. In relation to the evolution of efficiency, it is necessary to take into consideration the narrowing of the difference in efficiency between traditionally managed hospitals and PFI hospitals throughout the considered period. It can be hypothesized that in future work, the effect of the gradual incorporation into traditional management of organizational innovations typical of forms of management based on public-private collaboration, such as organization through clinical management units, 9 can be pointed out. Everything seems to indicate that besides the formal aspect under which the management form of a hospital is labelled, technical efficiency could be affected by organizational and management flexibility, and that the normative management policies in public health should consider providing greater flexibility in the management of their hospitals rather than simply moving into the private sphere.
It is necessary to carry out additional research that confirms or rejects the conclusions reached in this study. This should be conducted over longer time periods, since the period of coexistence of the different management forms analyzed is still limited, not exceeding the first third of useful life of the concessions, and the results could vary with the passage of time and the overcoming of the economic crisis, which has demanded restrictions of public resources during the period analyzed.
The study's main limitation is its territorial scope, which is marked by the need to analyze a homogenous management environment, as previously underlined. Additionally, there are limitations through the use of the DEA-for example, it does not study the causes of differences in the levels of technical efficiency, preventing attribution of a causal quality to any estimated effect, so that the interpretations and conclusions are exploratory in nature. Despite these limitations, this study is a pioneer in comparing the technical efficiency of different forms of hospital management, in a homogeneous management environment that eliminates possible asymmetries in the results of technical efficiency derived from management decisions. Due to the brief period of time since the new public-private collaboration formulas were introduced in the SERMAS, the results provided are relevant, although they must be interpreted with caution as regards the use of these as a basis for the organizational decision-making processes of other public health systems.
This study shows the potential for improvement and the existence of variability in the results within all the forms of hospital management analyzed, which highlights the importance of the management of each hospital regardless of the form of management used. The diversity of results obtained can be the basis for learning the best practices among the different hospitals, as well as contributing to situating the debate on the forms of hospital management in terms of the technical aspects rather than the ideological ones.
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